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SUMMARY 

The  static  lateral  stability  characteristics of a swept-wing 
fighter-type ai rp lane incorporating  three  vertical-tail  configurations 
and two  wing  configurations  were  investlgated  at an altitude of . 
40,000 feet  over a Mach rider range f r o m  0.72 to 1.39. Tlze data 
obtained  were  determined  during  constant-heading  sideslips and wings- 
level  turns, - aileron ro116, and  abrupt  rudder  pulses. 

The  apparent dihedral parameter 3, the  apparent  aileron  ef  fec- d6 
aa 

tiveness  parameter e/8 the  aileron  effectiveness  derivative C 

the  rudder  effectiveness  derivative cas,, and the  rolligg  moment  due 
to  rudder  deflection CQ, remained essentially  constant up to high 

transonic  speeds. W i t h  a further  increase in Mach  number  the  values of 
these  derivatives  decreased. 

2v at' b t '  

The  apparent  directional  stability  parameter - remained near- ag 
constant  below  the  transonic region but  increased in value with a further 
increase in Mach number. 
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INTRODUCTION 

.. 
A universal   in terest  has been exhibited  in  handling-qualit ies  f l ight 

data  in  the  transonic and supersonic  regions  because of the  large changes 
i n   s t a b i l i t y  and control   character is t ics   in  this area. I n  order t o  f'ur- 
nish a be t t e r  understanding of these phenomena f o r  current and future 
aircraft   designs,  a 4 5 O  swept-wing fighter-type  airplane wa6 procured 
by the  U .  S. Afr Force for   f l igb t   t es t ing  by the NACA High-speed Flight 
Stat ion a t  Edwards, Calif .  

Several   f l ight  investigations  with  the  subject  airplane  in  the 
transonic and supersonic region have been  performed and-repor ted   ( re fs , . l  
t o  4 ) .  These investigatiom, as w e l l  as  the  present one, employed three 
d i f fe ren t   ver t ica l  tails with varying aspect  ratio  or  area, or both, and 
two  wing configurations - the  basic wing, and the  basic  wing plus- wing- 
t ip  extensions.  . . - - - . . " - ,  " " . " 

.. . 

This   paper   presents   the  averal l   s ta t ic   la teral   s tabi l i ty  and con- 
t r o l  characterist ics  generally  foYa  pressure ax-bitude of 40,000 ree t  
and a Mach number range from 0.72 t o  1.39. .. 

A l l  coefficients and moments of iner t ia   are   referenced  to   the body 
axes  and me based on the  geometric  dimensions of the  par t icular  con- 
figuration under. consideration. 

A aspect  ratio,  b2 
S 
- 

an normal acceleration, g units 

&t transvers.e  acceleration,  g units 

b 

C1 rolling-nioment coefficient,  - s a  
L 

C 
l% 

aileron  effectivenees  derivative, - dC2 , per deg 
Bat 

C 
'6, 

9, per deg 
*r 
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%A 

C X r  

ck 

L 

M 

yawing-moment  coefficient, - N 
@b 

rudder effectiveness  derivative, , d% per  deg 
a r  

airplane  lateral-force  coefficient, Wat ss 
lateral-force  derivative, -, d% per deg ae 
chord, ft 

apparent  dLhedral  parameter 

agpa&nt directional stability paramiter 

acceleration  due  to  gravity,  ft/sec2 

pressure  altitude, ft 

moment of inertia  about X-axis, slug-ft 2 

moment of inertia  about Y-axis, slug-PL2 

." 

moment of inertia  about  Z-axis, slug-fi2 

product of inertia, 1/2(1z - IX) sin E, slug-ft2 

angle of tail incidence measured f r o m  line  parallel  to X-axis 
of  airplane,  positive  when leading edge deflected  up,  deg 

ro l l ing  moment, ft-lb 

Mach number 
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yawing  moment,  f't-lb 

rolling anwar velocity,  radians/sec 

rol l ing angulxr acceleration, raans/sec2 

apparent. aileron  effectiveness  parameter 

dynamic  pressure, pV 1 , 1b/sq  ft 

yawing war velocity,  radians/sec 

yawing ang~lar acceleration,  radians/sec2 

W i n g  area, Sq f% 
true  velocity,  ft/sec 

airplane  weight, lb 

angle of attack,  deg 

angle of eideslip,  deg 

total aileron  deflection,  positive for right roll, deg 

rudder  deflection,  positive  when  deflected  left,  deg 

angle  between body X - a x i s  and principal X-axis, positive  when 
b d y  axis  is  above  principal  axis  at  airplane nose, deg 

sweepback angle at  the  quarter chord, deg 

taper  ratio 

mass density of air,  slugs/cu  ft 

AIRPLANE 

The  airplane  used in this  investigation is a fighter type with low, 
swept wings, and  incorporates  midsemispan ailerons and a low,  swept  hori- 
zontal  tail.  On  the  leading  edge of the w i n g s  there  were  free-floating 
slats  which  were normally closed  during a l l  phases of this  investigation. 

.L - I 



NACA RM E57Al6 W 5 

.I A single  turbojet  engine  with  afterburner  powers  the  airplane.  The 
investigation  covered  the following four  configurations  which  involved . three  different  vertical  tails and-two different wing configurations: 

Vertical tail wing 
Configuration Tail Aspect Span, Area, Aspect Area, 

designation ratio ft sq f t  ratio sq ft 

A 

3.88  38.6 385 1.49 42.7 C D 
3 -56 36 -6  376 1.49 42.7 C C 
3.56 36.6 376 1.49 37 03 B B 
3.56 36.6 376 1.13 33.5 A 

A three-view  drawing and a ghotograph of the  airplane, with the 
configuration  incorporating  the  largest  vertical  tail and the increased 
w i n g  span,  are sham in  figures 1 and 2, respectively. 

1 A photograph showing vertical tails A and C and  drawings of the 
three  tails  defining  the areas are shown in figwes 3 and 4, respectively. 
In all configurations  the same rudder was used. - 

The  physical  characteristics of the  original airplane (canfigura- 
tion A) and  the modifications tested  are  presented  in  table I. Figure 5 
shows the  variation of the moments of inertia about the body axes and 
the  principal ax is  inclination  relative  to  the body a x i s  based on the 
manufacturer's  estimates  for  weight  conditions  expected in the  normal 
flight range. 

The  following  quantities  pertinent  to  this  investigation  were 
recorded on NACA internal  recording  instruments  synchronized by a com- 
mon  timer: 

Airspeed and altitude 
Normal and transverse  acceleration 
Angle of attack and angle  of  sideslip 
Aileron,  rudder, and stabilizer  deflections 
R o U r ,  pitching,  and yawing velocities  and  accelerations 

The  angle of attack,  angle  of  sideslip,  airspeed, and altitude 
were  sensed on the  .nose boom. The  angle of attack and angle of side- 
slip  were  corrected for pitching and y-awing velocities,  respectively. 
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L 
The  airspeed  system m 6  calibrated  by  the NACA radar phototheodolite 
method and is  considered  accurate to M - =  f0.02 at  subsonic  speed6 and 
M = W.01 at  supersonic  speeds.  (Additional  discusslcm  af  the  accu- .. 
racies may be  found in reference 2.). The  turn  meters  used  to measwe 
the  angular  velocities  and  accelerations w e r e  .referenced  to  the bodf 
axes of the airplaae.  The  weight  of the airplane was obtained  from  the 
pilot's  report of the fuel remaining  before  each  maneuver. 

The  tests for all four airpliwe configurations  were-conducted  in 
. " 

the  clean  configuration  with  the  center-of-gravity  position at about 
32 percent of the man aerodyaamic  chord of the origid wing; however, 
for configuration D the  center-of-gravity  position  based on the  mean 
aero4ynamlc  chord of the  extended  wing wa6 at  about 30 percent. The 
data  were  obtained  within the Mach number  range  from 0.72 to 1.39 at a 
pressure  altitude oP 40,000 feet with the  exception of limited  data 

The  characteristics  in  sideslip  were  obtained f r o m  constant-heading 
sldeslip  maneuvers.snd, in addition,  wings-level  turns for  configma-. . r :  
tion D only.  The lateral cmhol" &ffect-ivene6s"w&s  de%&mlned  during 
abrupt  rudder-fixed  aileron rolls at  various  control  deflections up to 
full. aileron  deflection,  except for confi&at%ons A and B which  were 
lirdted  to  approximately  one-third and txo-thirds  total  aileron  deflec- 
tion,  respectively.  Limiting  the  aileron  deflection was necessary 
becmse of the  violent  lateral-longitudinal  coupling and r o l l  behavior 
encountered  with  configurations A and B (refs. 3 and 4). A chain  etop 
on the  control  stick was used  to  obtain  constant  aileron  input.  This 
investigation  also  includes  data from abrupt  rudder  pulses  to  obtaln 
control  effectiveness  derivatives. 

" 

. . +  

L 1  

All maneuvers'used i n  this  investigation  were  performed  at or initi- 
ated from 1 g level-flight  conditions. Nominal angle-of-attack and 
normal-force-coeffFent..variations with Mach number are  presented  in 
figwe 6 far the 1 Q level-flight  condition  of this investigation. 

It should be  noted  that all derivatives used-in t h i s  paper  are 
based on the  physical dimensions of the  particular  configuration  under 
consideration. "- . .  " .. . . . .  " 
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RESULTS AND DISCUSSION 

7 

Sideslip  Characteristics 

' Representative  plots of the  variation of aileron,  rudder,  and 
stabilizer  positions, and transverae  acceleration  with  angle  of  side- 
slip  at a Mach  number of 0.73 and an altitude  of 30,000 feet  and  at 
Mach  numbers of 1.0 and 1.15 at 40,000 feet are presented in figure 7. 
Data for all four  airplane  configurations  axe  included,  except at a 
Mach  number of 1.15 (fig.  7(c)). At this Mach nmiber there  are  no data 
for configuration C shce the  investigation  with  this  configuration  did 
not  extend  beyond  a"ach  number  of 1 .O. The  variations of rudder and 
aileron  deflections and transverse  acceleration  KLth  sideslip angle gen- 
erally were linear over the  ranges  tested.  There  was  evidence of only 
slight  pitching-moment  changes  with  sideslip,  as shown by  the  variation 
of stabilizer  position with sideslip  angle. 

The  variations of the  apparent  dihedral  parameter - (=at the  apparent 
dP ' 

directional  stability  parameter - and the  lateral-force  derivative a r  
' 

% as determined from sideslip  maneuvers  over  the Mach rimer range 
covered  are  srmrmarized for the four configurations in figure 8. The 
apparent  dfhedral  parameter - -t shows  little or no change among the 
different  configurations  and is positive  except  at Mach numbers  above 
M = L.34, as  shown  for  configurations B and D. Although  the  apparent 

dihedral  parameter - remains  fairly  constant  at  values  near  one 
below a Mach rimer of about 0.92, it  decreases  abruptly  to  nearly zero 
in  the Mach number range between 1.0 and 1.05. Above t h i s  range  there 
is a slight  increase in the  apparent dihedral to a value  approximately 
one-half  the  subsonic value. The data for configurations B and D in 
figure 8 at a Mach number of 0.73 show  that  the  apparent  dihedral param- 
eter !% is decreased  with a decrease  in  altitude. This decrease in 

- a% noted between  the  two  altitudes  is primarily the  result of a 

decrease of 3 O  in angle of  attack  (fig'. 6) . A compa&.son of the  low- 
speed  value of - at an altitude of 15,oOO feet  with  the  value  at a 

Mach nuttiber of 0.75 and a n  altitude of 40,000 feet  (at  comparable  angles 
of  attack) shows agreement. 

w 

dP 

ap . . -. . . -. " " - . 

dP 

ae 
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The  apparent  directional  stability  parameter - for  the fou r  
dB 

c 

configurations  is  positive  and  below a Mach number of approximately 0.90 b 

remains  essentially comtant, with  values ranging from 1.6 for  configu- 
ration A to 2.6 for-  configuration D. Above  this  Mach  number  there is 

an increase  of - d6r to a value  at  supersonic  speeds  of  more  than 2 times 
dS 

the  subsonic  value for configuration A and more  than 2$ times  the sdsonic 
c 

value  for  configuration D. The low-speed,  low-altitude  value of - as, a$ 
for configuration D is  about  the  same ES the value obtained  at higher 
altitude  at a Mach  nmiber of 0.75. With  increase in vertical-tail  size 
there  is  generally an increase in the  value of - d% Since the different 

vertical  tails all have  the  same rudder, the  increase In awarent direc- 
tional  stability  for arry given  Mach  number w i t h  increased  vertical-tail 
size  points to an increase  in  directional atabil i ty (ref. 1) instead of 
a loss in  rudder  effectiveness.  However,  for any one  configuration the 

dP' 
" 

increase  in - nith  Mach  number  above  the  transonic  regton  results 
dp 

mainly  from  the loss in rudder effectiveness, a6 will be  seen  in a sub- 
sequent  section. "= 

. . .  . " . .. 

The  trimmzd  lateral-force  derivative Cyp shows little or no change 
among the  configurations or with  increase  in Mach number  except for  a 
slight  increase near a Mach  number of 1.0 for  configuration A and above 
a Mach  number  of 1.15 f o r  configuration D, all vaiues  being approxi- 
mately -0.008. The-value f o r  the  low-speed,  low-altitude  test  point 
for configuration D is  slightly  higher  than  the  other  values  at  higher 
altitudes. 

For configuration D,- wings-level  turns  were  investigated  and  the 
data  were  incorporated  with  the  constant-heading  sideslip  data  in  fig- 
ure 8( b) . There w&6 no difference noted in -the  parameters  obtained  in 
this manner, although in the  speed  range  where  the  dihedral was lowest;, 
there  seemed  to  be  less  scatter  in  the  aileron-position  data. . .  

" ." 

Lateral Control 

The  apparent  agleron  effectiveness  parameter $/8% obtained from 

3brupt  rudder-fixzd  aileron r o l l s  was essentially  linear  throughout  the 
entire control and  Mach  number  range  investigated.  Figure 9 shows  typi- . 
tal variations of the helix angle-with aileron  deflection for Mach num- 
bers of 0.73 and 1.25 at altitudes of 30,000 and 40,000 feet,  respectively. - - 
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Figure LO summarizes  the  Mach  number  variation of the  apparent 
aileron  effectiveness  parameter @/6 for the  four  configurations. 2v at 

9 

The  apparent  aileron  effectiveness  parameter e/6 for configura- 

tions B and D relllains  nearly  constant  at a value  of 0.0026 to a Mach 
nuniber  of  about 0 .go. Above a Mach mer of 0.90 there  is a gradual 
decrease in effectiveness to about 70 percent  of  the subsonic value nem 
a Mach rimer of 1 . 3 .  Although  there  are  little  data for  configurations A 
and C, the data show no appreciable  change f r o m  the  data  obtained for  
configuration B. This  is  to be expected  since  the only dieference  in 
these  three  configurations  is  the  size of the  vertical  tails, and the 
difference in the  damping-in-roll  contributed by the  vertical t a i l s  
would  be  negligible.  The  increase of 2 feet in ~ L n g  span of configura- 
tion D does not  appear to change  the  apparent  aileron  effectiveness 
below a Mach  nmiber of about 1.0; however,  above M = 1.0 there is a 
alight decrease in apparent  aileron  effectiveness  compared  with  the  other 
configurations.  This  decrease  results primrily from a loss in afleron 
effectiveness,  as will be discussed in a following  section.  The low- 
speed,  low-altitude  data  for  configuraticm D again are similar to the 
other subsonic data in magnitude, although there  is no reason  to  expect 
such  similarity,  considering  campressibility  effects,  aeroelasticity, 
and  possible  change  in  roll damping. 

2v 

Control Effectiveness  Derivatives 

By using  the  methods  discussed  in  the  appendix and reference 5, the 
control  effectiveness  derivatives , and C 
were  obtained for configurations B and  D. F i m e  ll presents  the  varia- 

'8r 

tion  of  these  control  eefectiveness  derivativGs  with  kach  number. 

In both  configuratians  the  aileron  effectiveness  derivative C 

decreases  fairly  rapidly frm relatively  constant  values  of  about 0.0010 
for configuration 3 and about 0 .OW9 for  configuration D below a Mach 
number of about 0 . 9  to  less than one-half  these  values  at a Mach num- 
ber of 1.25. The  low-speed,  low-altitude  data for  configuration D ere 
slightly higher in magnitude  than  the  values of the  transonic  data  at 
an ditude of 40,000 feet.  The  values of C for configuration D 

are  consistently  smaller  than  the  values for configuration B. This dif- 
ference  is  accounted for at subsdc speeds  by considering the  difference 
in  physical dimensions of the particular  configuration  elqployed in 
determining  the  derivatives.  However,  at  supersonic  speeds  there  is a 
definite loss in aileron  effectiveness with the  increase  in wing area. 

'8 at 
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Values of the,rudder  effectiveness  derivative in the tran- 'qr 
sonic region are about -0.0006 fo r  configuration .B and vary with  Mach 
number i n  a manner -similar t o   t h e  aileron effectiveness  derivative .. . 

C although C .  seems . t i0 retain I t s  SU%sodc  effectiveness t o  a 

s l igh t ly  higher Macb number. A t  subsonic  speeds the values of 

are s l igh t ly  smaller for  configuration D than  for  configuration B. How- 
ever, for  supersonic speeds  they are essent ia l ly   the sane fo r  any given 
Mach number. A camparison of the low-speed, low-altitude  values of 

'%r 
data t o  be a t  almoiit the- Sam& i eve i .  

h t '  % . 

'Wr 

for  configuraition D with data i n  the transonic  region shows the 
" . . .  

. . " 

Very little change is  exhibited in   the   var ia t ion  with Mach  number 
of the yawing moment due t o  aileron  deflection C w h i c h  remained 

essentially  constant a t  a value near 0 .OW2. The rolling moment due- t o  
rudder deflection - C2 remained constant at a value of about 0.0001 

below a Mach number' of 1.0; however, a t  the higher supersonic Mach num- 
bers C l g r  became zero. No measurable e f fec t  of airplane  configuration 

on these  parameters. was -appazmt. For configuration D, one low-speed 
and low-altitude  data  point of C - b d -  C&; -Xas of the s& order 

of magnitude as -the data  obtained at higher'speeds. 

q a t  

6r 

q a t  

CONCLUSIONS 

~ r o m  a s t a t i c  .lateral mght investigation- of thee ver t ica l - ta i i -  
configurations and  two w i n g  configurations of a swept-wing fighter-type 
airplane,  generally a t  an a l t i t ude  of 40,000 f ee t  and over a Mach  num- 
ber range from 0.72 to-  1.39, it may be  concluded that: 

1. The aPPar.en&dihedral parameter - shows l i t t l e  or no change a% 
dB 

among configurations. The value of - is fairly canstant at about 

1.0 below a Mach-number of 0.92, decreases t o  almost zero near a Mach 
number of 1 .O, then regains  about  one-half its -6ubsonLc value a t  a Mach 
nuniber of 1.20. Above a Mach  number of 1.34 the value becomes slightly 
negative. 

d6at 
dP 

2.  The apparent   direct ional   s tabi l i ty   parmeter  - show0 an a, 
da 

increase  In-value  with  increase i n  ve r t i ca l - t a i l   s i ze .  The derivative 

- ." 
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- 
- remains  generally  constant  below a Mach number  of  about 0 .w, with 
dP 
values ranging from 1.6 to 2.6, depending on the  configuration.  Above 
this Mach rimer there is an increase  to a value  at  supersonfc speeds 
of about 2 to 2L times  the  subsonic  values. 

2 

3 .  The  lateral-force  derivative Cy shows little or no change B 
among configurations or with  increase in Mach number, all values  being 
approximately -0.008. 

4. The  apparent  aileron  effectiveness  parameter %/6% shows a 

sYght decrease with increase in wing span and  area  at  supersonic  speeds. 
The due of %/6% remins nearly  constant  at 0.0026 up to a Mach 

number  of  about 0 .go. With  further  increase in Mach  nudoer  there  is a 
gradual decrease in effectiveness  to  about 70 percent of the subsonic 
value  at a Mach  nuniber  of  about 1 . 3 .  

5. Values of  the  control  effectiveness  derivakives C 28at’ ‘%at, 

c26r’ and sr show little  change among the  configurations.  The  aile- 

ron  effectiveness  derivative C decretises  rather  rapidly from an 

essentially  constant  value of about 0.0009 to 0.0010 in the  transonic 
range to less  than  one-half that value at a Mach  nuniber of 1.25. A simi- 
lar trend is evident in the  rudder  effectiveness  derivative with 
subsonic  values  near - O . W 5  to -0.0006 and  supersonic  values  approaching 
-0 .OOOl at a Mach  number of approximately 1.35. The  yawing  moment  due 
to aFLeron  deflection  shows  little  change with change of Mach 

number,  the values being  about 0.0002. The roUlng moment  due  to  rudder 
deflection C zgr is essentially  constant  at  about 0.0001belm  a Mach 

nmiber  of 1.0. A t  the  highest Mach numbers of the  tests C decreases 

to  zero,  however. 

&,, 

c%- 

%at 

‘8 r 

High-speed  Flight  Station, 
National  Advisory  Committee  for  Aeronautics, 

Edwards, Calif.,  December 20, 19%. 
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Lateral  Equations of Matiun 
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In  determination of the  control  derivatives Cqr, Cqat, Czgat, 

and Cz6, from rudder pulses and abrupt  aileron  rolls  the  following 
procedure was used: The abrupt  rudder or aileron  input.was performed 
f'rom t r i m  level-flight  conditions aud only the first f e w  tenths of one 
second of the  control  input were analyzed. During this time interval  
the  airplane  experiences angular acceleration  but  there i s  not  sufficient 
t ie for  appreciable angular velociti-es or displacements t o  take place. 
Therefore,  taking  the  equations of motion of the  airplane  relative t o  
the X- and 2-body ak!s 

. , . 1 . I . . " -  . .. I 

c Lqsb = 6 1 ~  - + (rz - rY) qr - pqrXz 

Then, disregarding  the  terms Hth the  product of angular veloci t ies  
because of their minute  values, the equations are transformed t o  

The angular  accelerations,  velocities, and control  deflections were 
obtained and the rolling-moment and yawing-moment coefficients were cal- 
d a t e d  and plotted  against  thk  control  deflectione. F r o m  the plots of 
Cn against 6,, G.. against Eat, C2 against 6%, and C 1  against 
Er the  slopes  (control  derivatives) were obtained. 

Again, it should be  noted that all derivatives  used i n  this paper 
a re  based on the  physical dimensions of the  particular  configuration 
under consideration. 

. " " 

.. 

I 
I 
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Figure 1.- Three-view d r a w i n g  of the test airplane with the largest 
vertical tail and enlarged wing eonfiguration. All dimensions i n  
inches. 
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E-2097 Figure 2.- Photograph of the airplane with largest vertical-tail and enlarged-wing configuration. 
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Figure 4.- Sketch of vertical tails A, B, and C. 
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Figure 5.- Approximated variation of the principal mcments of inertia 
and inclination of principal axis  relation to the body axis. . 
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Figure 6 .  - Variation of trim normal-force  coefficient  and  angle of attack 
with Mach number for 1 g flight, and a nominal Weight of 22,000 pounde. 
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(a) Configurations A and B. 

Figure 8.- Variation with Mach nuniber of several apparent lateral Stability parametere. 
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(b) Configuration6 C and D. 
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Figure 9.- Variation of wing-tip helix angle with sileron deflection for two typical conditions. 
Cnnfiguratian D. 
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Figure 10.- Variation of aileron effectiveness with Mach number. 
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Figure U.- Parlation with Mach number crf control effectivene& parsmeters; hp = 40,000 f&t I 
with exceptions noted. 
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